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Objective: The aim of this study was to develop and validate a user friendly performance based knee
outcome score for use in active patients undergoing TKA surgery.
Design: We prospectively studied a cohort of 50 subjects without any knee symptoms, and 50 patients
who underwent TKA for osteoarthritis (OA). The patients were assessed pre- and postoperatively. SF-36
and WOMAC were concurrently administered for comparison. Patients completed seven physical tasks of
the ﬁnalised outcome instrument which were objectively assessed and scored.
Results: The mean functional score was 31.7 in the normal subjects. The mean functional score improved
postoperatively from 10.0 to 17.7 (P < 0.001) in the TKA group. Our results conﬁrm that the performance
based score has a high testeretest reliability (intra-class correlation coefﬁcient (ICC) of 0.89), internal
consistency (Cronbach’s alpha 0.84) and construct validity showing expected correlations with relevant
components of the WOMAC and SF-36 scores. The responsiveness as measured by the effect size
compared favourably with the same relevant components of the SF-36 and WOMAC.
Conclusions: Our performance based knee function score is a reliable dimension speciﬁc tool to detect
change in musculoskeletal function after TKA. It complements existing self-reported outcome tools in
facilitating a comprehensive assessment of patients following TKA.
 2012 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Patient expectations after TKA now go beyond that of just pain
relief and simple functional activities to that of being able to enjoy
age appropriate recreational and sporting activities1. Common self-
reported outcomemeasures used following TKA assess outcomes of
pain and function themed largely around ambulation and simple
activities of daily living, or alternatively in terms of overall quality
of life but rarely account for engagement in more demanding
activities such as sports or kneeling2.
There is a general consensus of opinion amongst clinicians, that
pain and physical function form separate and distinct domains of
outcome assessment in patients with osteoarthritis (OA) and
following hip or knee arthroplasty3. The majority of self-reported
outcome measures include these domains of outcome assessment
in patients with OA and following hip or knee arthroplasty. Theyo: F.S. Hossain, Trauma and
s Court, 71-76 Wright Street,
sain).
s Research Society International. Ptend to be measured either as a subscale or as a part of a composite
or cumulative score. However inherent problems with such
methods include low sensitivity to change4 and ceiling effects in
measuring different interventions5. This has made objectively
assessed instruments of functional outcome more appealing to
clinicians.
Furthermore growing evidence suggests that self-reported
measures of function reﬂect patient perceptions of function,
strongly overlapped by pain and do not necessarily relate to the
actual ability to perform activities6,7. In keeping with this,
previous work has shown a limited ability of self-reported
measures in detecting change in function when discordant
changes in pain and function occur with a tendency to overstate
long term functional gains8,9. Gait analysis laboratories or the
use of accelerometer based devices are possible alternatives but
may not necessarily be widely accessible for logistical and ﬁscal
reasons.
The aim of this prospective study was to describe the develop-
ment and validation of an easy to use and practical performance
based knee outcome instrument, which allows an in depth
assessment of function including that of high demand activities for
use in patients following TKA.ublished by Elsevier Ltd. All rights reserved.
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Our study was undertaken in accordance with the ethical
standards of the institutional committee on human experimenta-
tion andwith the Helsinki Declaration of 1975, as revised in 2000. It
involved prospective data collection and analysis on an initial
cohort of 50 “normal” healthy subjects without any knee pathology
drawn from staff at our institution (control group). Additionally six
preoperative patients with OA and another ten 1 year postoperative
TKA patients were recruited for inclusion in testeretest reliability
and scale development respectively. A second cohort of 50
consecutive patients who underwent TKA for OAwas longitudinally
assessed using the developed performance based outcome score,
preoperatively and at 1 year postoperatively (test group). The
WOMAC (measured on a Likert scale of 0e4; highest score
corresponding to the worst outcome) and SF-36 scores (norm
based calibration) were concurrently implemented in this cohort.
We excluded patients with concomitant respiratory, cardiovascular,
neurological or peripheral vascular disease that may have
compromised activities of daily living.
All subjects were recruited following informed consent and
assessed in the outpatient setting at our institution where an
adjacent hallway and staircase were available.
Instrument development
Review of the literature pertaining to spatiotemporal gait
analysis parameters and previous performance based measures
were undertaken to develop an initial set of reproducible and
objectively measurable tasks that would be representative of
various aspects of normal and “high end” knee function. Subse-
quent input from multi-ethnic patient focus groups along with
physiotherapists and orthopaedic surgeons at our institution
resulted in a preliminary selection of performance tests that were
deemed important to both patients and health care providers with
evidence based validity from the medical literature10e25. We
identiﬁed twelve test items which were potential candidates for
inclusion in the ﬁnal instrument but intended to reduce them in
order to develop a concise ﬁnal outcome instrument (Appendix 1).
The performance tests measures for inclusion were: (1) Timed
horizontal leg hold (Quadriceps endurance test); (2) Timed single leg
stance (balance and proprioception test); (3) Timed 10 m walk; (4)
Stride length; (5) Cadence and (6) Step length: are measured during
the 10 m walking test as described by Cerny26 in centimetres; (7)
Timed 10 step stair climb; (8) Timed get up and go test (TGUG); (9)
Single hop distance; (10) Triple hop distance and (11) Timed 6 m hop;
and (12) Kneeling test.
Instrument scaling and ﬁnalisation
Continuous variables of timemeasured in seconds and distance/
length measured in centimetres were discretised into classes cor-
responding to ordinal values of 0e5 with a higher value
corresponding to a better outcome. This was undertaken to allow
simpliﬁcation of data collection and ease of interpretation by the
end user clinician. A six point ordinal scale was used as it has
been shown to be amenable to normal theory statistics and hence
parametric testing27,28. First 10 sets of collected measures from
the normal and preoperative cohorts were pooled with the addi-
tional 10 TKA patients into a sample of 30 sets of measures to
develop the ordinal classes. The worst performance value (lowest
value in all cases except in timed 10mwalk, stair climb and 6m hop
where it would be the highest value) of each continuous variable
formed the upper limit of the lowest ordinal class of 0. The best
value similarly formed the lower limit of the highest ordinal class of5. The remainder of the ordinal classes were divided according to
the respective quartile boundaries for each variable. The kneeling
test was categorised into ordinal values of 0e3 where
0 corresponded to an inability to kneel at all while 3
corresponded to kneeling on the ﬂoor beyond 120. The kneeling
score is subsequently multiplied by 5 and then divided by 3 to
allow equal weighting.
The developed instrument was piloted in the control group.
Inter-item Spearman’s correlation of the initial 12 items in the
control group was undertaken to identify redundancy between the
items (itemeitem correlation coefﬁcient > 0.85). This correlation
matrix analysis was undertaken for initial item reduction. The
variables of stride length compared to step length and cadence to
timed 10 m walk were redundant to each other. Stride length as
a spatiotemporal variable was considered to be reliable due to its
independence from the contra-lateral limb in terms of measure-
ment and hence was retained while the other redundant items of
cadence and step length were omitted. The timed 6 m hop was the
only test with missing data in the control group accounting for
three cases due to an inability to complete the distance and hence
was omitted. A subsequent separate factor analysis was undertaken
on the results of the remaining nine test variables undertaken in
the control group. Using the Scree plot method after varimax
rotation, a single factor structure with an eigenvalue of 5.81
accounting for 64.52% of the variance within the cohort was iden-
tiﬁed. All variables of the instrument had high factor loadings
(>0.5) except the TGUG which had a factor loading of 0.45 and
hence was removed. The TGUG was initially developed to test basic
mobility and balance in the elderly and frail population21 and has
subsequently been applied to elderly patients with OA. The deter-
minants of this test are multifactorial29 and it was therefore
considered inappropriate in exclusively measuring the construct of
knee function accounting for the low factor loading. Factor analysis
was repeated on the remaining eight items. A single factor structure
with an eigenvalue of 5.61 accounted for 70.16% of the variance in
the cohort. Factor loading for the remaining eight item variables
were >0.6. This conﬁrmed homogeneity of our instrument in
measuring the underlying construct of function.
Our ﬁnalised instrument (PerF) hence included timed horizontal
leg hold; timed single leg stance; timed 10 m walk; timed 10 step
stair climb; stride length; single hop distance; triple hop distance
and the kneeling test. In addition a second subscale of pain was
added for each performance test. A 10 point pain score (0 corre-
sponding toworst pain and 10 corresponding to no pain) for each of
the abovementioned performance test measures except stride
length (as this was simultaneously measured during the timed 10 m
walk test) was allocated. An ascending direction for the pain score,
which has previously been validated and applied to outcome
scores30,31 was chosen to maintain consistency in interpretation
relative to the PerF. A composite pain (PerP) score based on the
average pain scores of all the performance tests undertaken was
then derived. A summative score for function (PerF) was applied
giving rise to a maximum best possible score of 40 and a minimum
of 0 (Appendix 2). Within the framework of the International
Classiﬁcation of Functioning and Disability, the ﬁnal selection of
tasks for PerF was linked to the operational deﬁnitions of activity
limitation in the various components of mobility while the PerP
was linked to the operational deﬁnitions of impairment in body
functions related to the component of pain32.
Statistical analysis and psychometric strategy
Psychometric analyses of summated scales are optimally
undertaken with 5e10 subjects per item in order to reduce the
effects of chance33. Our developed instrument included eight
Fig. 1. QeQ plot of the summative PerF scores in the test group (n ¼ 100).
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included a total of 100 subjects with a total of 150 instances of
testing.
Thirty nine subjects (17 from the control group, six post-
operative patients from the test group and 16 additional patients of
which six were preoperative OA patients and another 10 post-
operative TKA patients at 1 year) were available for repeat assess-
ment using the performance based score which was undertaken at
a week interval from the ﬁrst test. Testeretest reliability was
assessed in this subgroup using the two way random effects, single
measures intra-class correlation coefﬁcient (ICC2,1). Cronbach’s
coefﬁcient awas used tomeasure the internal consistency from the
results of the test group.
Content and face validity was undertaken a priori at the
instrument development stage where test items were derived from
evidence from the medical literature and in consultation with
patients and health care providers.
Construct validity of the developed instrument was assessed by
comparisons with concurrently administeredWOMAC and SF-36 in
the test group. Correlation was calculated using the Spearman’s
correlation coefﬁcient. We hypothesised that a moderate correla-
tion of the PerF would be seen with the WOMAC functional
subscale and a weaker correlation with the physical component of
the SF-36 similar to previous reports of correlation between
performance based and self-reported measures of function34e38
while a strong correlation would be seen between the PerP and
the pain subscale of the WOMAC and SF-36.
Responsiveness of the instrument was measured using Cohen’s
d measure of effect size39. The paired t-test was undertaken to
compare the pre- and postoperative scores. “Ceiling” and “ﬂoor”
effects were considered to be present if more than 15% of the scores
were the maximum or minimum achievable respectively in the test
group40,41. Analysis of distribution of the PerF scorewas undertaken
using QeQ plots, and the D’AgostinoePearson K2 omnibus test.Table II
Percentage distribution of scores in the control and test groups (n ¼ 150): control
group (n ¼ 50); pre- (n ¼ 50) and postoperative (n ¼ 50) testing of the test group
Item of instrument Distribution of ordinal scores in allResults
Subjects in the control group were younger than those in the
test group. Patient characteristics for the two groups are given in
Table I. All subjects within the control group were able to complete
all individual items of the performance test. The mean total PerF in
this group was 31.7  2.03 (range 27e36). The mean total PerF in
the test group was 10  5.1 (range 2e22.3) preoperatively rising
to 17.7  5.1 (range 5.7e27.3), (P < 0.001) postoperatively. The
kurtosis and skewness coefﬁcients were 0.84 and 0.06
respectively in the test group. The D’AgostinoePearson K2
omnibus test conﬁrmed that the PerF scores in the test group were
compatible with a normal distribution (K2 ¼ 2.58, P ¼ 0.26) which
was further demonstrated by a QeQ plot (Fig. 1). Within the test
group, only 26% of the patients were able to perform the single hop
distance test preoperatively however this increased to 56% 1 year
postoperatively. 16% of the patients were able to perform the triple
hop distance test preoperatively rising to 44% postoperatively. With
respect to the timed single leg stance, 89.3% were able to perform
the test preoperatively but improved to 100% postoperatively. LessTable I
Demographic information of the control (n ¼ 50) and test (n ¼ 50) groups;
SD ¼ standard deviation
Control group Test group
Mean  SD (range) Mean  SD (range)
Gender (male:female) 23:27 21:29
Age (years) 32.8  11.4 (21e64) 69.1  9.4 (42e85)
Body mass index (kg/m2) 23.1  2.4 (23.4e31) 27.8  6.6 (20.0e54.3)than 10% of the scores were in the highest ordinal class for all but
the kneeling test and timed horizontal leg hold test (Table II). The
mean composite PerP in the test group was 5.2  2.3 (range 1e9)
preoperatively improving to 7.8  1.5 (range 3e10), (P < 0.0001)
postoperatively.
In the 39 individuals who completed the performance based
score twice, testeretest reliability for the total PerF was excellent
with an ICC of 0.89 (95% conﬁdence interval (CI), 0.74e0.98). In
considering the 22 OA and postoperative TKA patients only
(excluding the normal control group) the testeretest reliability
for the PerF was similar with an ICC of 0.87 (95% CI, 0.60e0.96).
Cronbach’s coefﬁcient a for the preoperative and postoperative
PerF scores in the test group of 50 patients was 0.78 (95% CI,
0.70e0.87) and 0.77 (95% CI, 0.66e0.86) respectively. The
Cronbach’s coefﬁcient a for the combined 100 pre- and
postoperative scores of the test group was 0.84 (95% CI, 0.79e
0.88). With respect to the PerP, the pre-, postoperative and
combined Cronbach’s coefﬁcient a were 0.75 (95% CI, 0.63e0.84),
0.75 (95% CI, 0.63e0.84) and 0.73 (95% CI, 0.64e0.80) respectively.
The PerF score correlated signiﬁcantly and in the direction ex-
pected with the function subscale of WOMAC (r ¼ 0.60,
P < 0.0001) and physical component of the SF-36 (r ¼ 0.64,
P ¼ 0.0001) but moderately with the role physical component of
the SF-36 (r ¼ 0.44, P ¼ 0.004). The PerP correlated signiﬁcantly
with the pain subscale of WOMAC (r ¼ 0.78, P < 0.0001) and
bodily pain component of the SF-36 (r ¼ 0.73, P¼<0.0001). In
contrast the PerP and PerF showed low correlation with the mental
component of the SF-36. A signiﬁcant correlation between the PerPmeasurements of both groups (%)
0 1 2 3 4 5
Timed horizontal leg hold 3.3 32.7 17.3 2.0 15.3 29.3
Timed single leg stance 6.7 50.0 10.7 6.7 22.7 3.3
Single hop distance 44.7 27.3 12.0 14.0 0.0 2.0
Triple hop distance 53.3 20.7 6.7 15.3 2.0 2.0
Timed 10 m walk 6.7 6.7 17.3 31.3 36.0 0.0
Stride length 5.3 43.3 34.7 10.0 6.7 0.0
Timed 10 step stair climb 6.7 6.7 8.7 10.0 67.3 0.0
Kneeling test (3 point scale) 10.0 40.0 31.3 19.3
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between the WOMAC pain and function subscales (r ¼ 0.89,
P < 0.0001) was observed (Table III).
There was a statistically signiﬁcant difference between the pre-
and postoperative scores in the test group when using any of the
outcome measures and their subscales of interest (Table IV). In
accordance with Cohen’s benchmarks, all but the role physical
component of the SF-36 achieved a large effect size of >0.8. The
PerF had the highest effect size in measuring functional outcome
while the WOMAC subscale of pain had the highest effect size in
measuring pain. There were no observed ceiling or ﬂoor effects in
the performance based scores or the WOMAC subscales of pain or
function. However ceiling effects were seen in the role physical and
bodily pain components of the SF-36 with 39% (95% CI, 29.4e48.6)
and 22.5% (95% CI, 14.3e20.7) respectively of the combined pre-
and postoperative scores of the test group.Discussion
A wealth of performance measures are available for the
assessment of functional outcomes after knee arthroplasty though
most have limited psychometric and clinimetric validity41. Our
performance based score for functional outcomes of the knee has
undergone an extensive development stage with content validity of
each of the tests derived a priori from medical literature. Face
validity in terms of appropriateness to clinicians and importance to
patients was also undertaken in the initial development stage. In
keeping with the OMERACT III consensus opinion3 the instrument
addresses both the domains of pain and function. Unlike previous
performance based measures where test items are generally based
around the themes of ambulation or muscle strength35,42 and
hence lacking in complete content validity attributable to the
overall concept of function43, our performance based instrument
additionally includes items testing other aspects such as kneeling,
balance and even high end stability and strength representative of
demands during sports.
Factorial analysis along with inter-item correlation ensured the
development of a homogenous instrument whilst excluding
redundant test items. The estimates for internal consistency and
testeretest reliability are above 0.70 suggesting that the instrument
is suitable for use in assessing groups of patients including that of
randomised control trials44. The high Cronbach’s alpha of 0.84 in
measuring function in the test group with a high reliability coefﬁ-
cient (ICC ¼ 0.89) compares favourably to other established self-
reported and performance based measures41,45.
The results from the test group show an improvement in scores
of all three outcome measures from the pre- to the postoperative
stage at 1 year which is statistically signiﬁcant. The direction of
change towards improvement in the score is hence as expected and
in accordancewith the direction of change observed in theWOMAC
and SF-36 scores.Table III
Correlation matrix showing convergent and discriminant validity of the performan
(npre ¼ 50 þ npostop ¼ 50) using Spearman’s correlation coefﬁcient; PC ¼ physical compo
PerF PerP WOMAC pain WOM
PerF 1
PerP 0.62 1
WOMAC pain 0.55 L0.75 1
WOMAC function L0.60 0.71 0.89 1
PC 0.64 0.59 0.55 0.54
Role physical 0.44 0.44 0.32 0.24
Bodily pain 0.67 0.73 0.65 0.65
MC 0.25 0.25 0.36 0.38A wide array of self-reported and objective instruments exist
with no deﬁnitive “gold standard”. Therefore while criterion
validity of our performance based instrument is not possible,
analysis in comparison to the WOMAC and SF-36 by way of
testing hypotheses about correlative relationships provides the
basis for construct validity. We correctly predicted a moderate
correlation between the PerF and the function subscale of the
WOMAC score with a coefﬁcient value of 0.64. The negative
sign is due to the opposite orientations in scoring of the measure
and not due to an inverse relationship. Similarly as hypothesized,
a weaker correlation with a coefﬁcient value of 0.62 was seen
with the physical component of the SF-36. A similar pattern of
correlation but of a lesser magnitude has previously been
demonstrated in the clinimetric analysis of the aggregated
locomotor function score (ALFS) with coefﬁcient values of 0.59
and 0.53 for the function subscales of the WOMAC and SF-36
respectively42. The ALFS is a performance based instrument
involving three tasks of ambulation while the PerF subscale of
our instrument includes tasks beyond that of ambulation within
themes of balance, strength and high end activity capturing
a larger breadth of functional outcomes. Our ﬁndings are
consistent with those of various other reports of objective
outcome measures showing a low to moderate correlation with
self-reported measures34e38. With respect to the PerP subscale,
high correlations of 0.78 and 0.73 were seen with the pain
subscales of WOMAC and the bodily pain subscales of the SF-36
respectively demonstrating convergent validity.
There is increasing evidence to suggest that reported pain
instead of actual physical functional ability is the main determi-
nant of self-reported physical function7,38,46,47 and as such may
lack validity in discriminating between the two domains. The
high correlation between the pain and function subscales of the
WOMAC and to a lesser extent between the bodily pain and
physical components of the SF-36 in our study support these
ﬁndings (Table III). In contrast performance based measures have
been used to assess function relatively independent of pain47,48
and are related to self-efﬁcacy of patients7. The moderate corre-
lation of 0.63 between the PerF and PerP highlights the inherent
link yet relative independence of the two domains assessed using
our developed instrument. This correlation is similar to that
observed between PerF and the physical function subscales of
WOMAC and SF-36 further supporting the notion that self-re-
ported measures of function are related to the domain of pain. In
addition discriminant validity for our performance based instru-
ment is illustrated by the very low correlation coefﬁcients in
relation to the mental component of the SF-36 which assesses
a distinctly different domain.
Large effect sizes of greater than 0.8 were achieved by all
subscales of interest except by the role physical component of
the SF-36. The PerF subscale had a higher effect size than the
function subscale of the WOMAC which in turn had a higher
effect size than the physical component of the SF-36. The largece based score in comparison to the WOMAC and SF-36 for the test group
nent of SF-36; MC ¼ mental component of SF-36
AC function PC Role physical Bodily pain MC
1
0.73 1
0.72 0.45 1
0.17 0.28 0.34 1
Table IV
Pre- and postoperative scores of the relevant outcome measure parameters in the test group with their corresponding responsiveness measured using Cohen’s d
Mean  SD (Range) P value Cohen’s d (95% CI)
Preoperative Postoperative
PerF 10  5.1 (2e22.3) 17.7  5.1 (5.7e27.3) <0.0001 1.53 (0.11e2.94)
PerP 5.2  2.3 (1e9) 7.8  1.5 (3e10) <0.0001 1.35 (0.94e1.99)
Function (WOMAC) 37.3  14.3 (13e54) 24.6  10.6 (5e48) <0.0007 1.02 (2.94e3.96)
Pain (WOMAC) 11.1  4.3 (4e17) 5.7  2.9 (0e12) <0.0001 1.49 (0.3e2.29)
Role physical (SF-36) 35.5  10.4 (28e56.2) 43.4  11.1 (23e51.2) 0.012 0.74 (2.33 to 3.62)
Physical component (SF-36) 29.0  6.5 (18e45.2) 35.4  9.2 (15.7e47.1) 0.0062 0.81 (1.74 to 2.61)
Bodily pain (SF-36) 34.4  7.0 (25.1e51.6) 46.3  9.2 (24.2e57.7) <0.0001 1.46 (1.08 to 3.41)
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independence from pain in measuring function as compared to
the self-reported measures. The results are also in conformity
with other reports of higher responsiveness amongst disease
speciﬁc measures in comparison to generic measures assessing
functional outcome49,50. Generic measures of outcome include
items across a broad range of health aspects and consequently
may lack the level of detail in terms of relevance to any speciﬁc
illness or dimension measured, which perhaps accounts for the
lower responsiveness and weaker correlations mentioned earlier.
Ceiling effects were present in the role physical and bodily pain
components of the SF-36 in our study. The ﬁndings agree with
that of previous work in the use of the SF-36 in orthopaedic
studies where ceiling effects have been attributed to the lack of
coverage of the full continuum of impairment and recovery
amongst orthopaedic populations51. A higher proportion of
subjects achieved the highest ordinal scores in the horizontal leg
hold and kneeling tests of the PerF while only smaller propor-
tions were achieved in the others illustrating the various levels of
difﬁculty associated in performing the different test items in the
instrument. Nonetheless ceiling effects in the summated score of
the PerF were not seen and may be due to the inclusion of high
demand tasks such as the hop tests. Furthermore our control
group from which patients were pooled to develop the ordinal
classes were younger than in the test group and hence per-
formed better in the test items raising the maximum achievable
scores.
The interpretability of an instrument is deﬁned by how well
a qualitative meaning can be applied to the numerical score of
the measure. We applied the performance based instrument to
a cohort of healthy individuals representative of the normal
population; a test cohort of preoperative patients with OA of
the knee and subsequently postoperatively a year later in
a longitudinal evaluation. Clinicians are hence able to apply
qualitative judgements to the numerical scores of our perfor-
mance based instrument in light of the mean values from these
three cohorts.
We included an initial sample of 30 subjects to develop the
ordinal class boundaries. The small sample size which included
healthy subjects may have led to errors in developing the cate-
gorical boundaries due to the possibility of including outliers.
Furthermore we did not include any measures of normalising
variables such as stride length or hop distances in order to
maintain simplicity and ease of implementation in the clinical
setting. Nonetheless subsequent implementation in the test
group demonstrated low levels of kurtosis and skew with
a normal distribution based on normality testing. Although we
did not formally test inter-rater reliability in our developed
instrument, score data was collected by more than one assessing
individual throughout and is therefore reﬂected in the high teste
retest reliability ICC2,1 of 0.89 where subjects may have been
interchangeably assessed by an orthopaedic surgeon orphysiotherapist during the test or retest phase of the assess-
ment. The sample size for this testeretest analysis was small
with 39 subjects but included both control and test subjects pre-
and postoperatively and is therefore generalisable to the pop-
ulation it is intended to measure. The generalisability of the PerF
is further supported by the high ICC2,1 which considers both
raters and subjects as random variables. The PerP subscale
showed lower responsiveness compared to the pain subscales of
the other self-reported measures. We would therefore recom-
mend the continued use of the pain subscale of the WOMAC
questionnaire to conﬁdently assess this construct.
Self-reported and performance based tools measure different
aspects of function. While the former is related to the patient’s
belief and experience of their own functional ability, the latter is
a measure of the patient’s actual ability of function. The infor-
mation provided by the two methods is therefore considered to
be complementary with their concurrent use recommended in
the clinical setting for a comprehensive assessment of function
following interventions for knee OA7,47. Our performance based
knee outcome score is a two dimension speciﬁc instrument
providing an in depth assessment of function beyond that of just
ambulation after TKA and associated pain. Its psychometric
properties compare favourably to those of other disease speciﬁc
and generic self-reported outcome measures. In our experience,
the outcome score was easily and quickly (under 10 min) applied
to patients in the outpatient setting without the need for any
additional specialist equipment. We recommend its use in all
patients following TKA surgery as an adjunct to conventional
self-reported measures particularly in younger or high demand
patients where ceiling effects may be a problem or in situations
where conventional methods alone have failed to show expected
differences between two groups such as when comparing
different TKA implant designs.
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Appendix 1. Description and content validity evidence of
preliminary selection of items
(1) Timed horizontal leg hold (Quadriceps endurance test): The
patientwas instructed to hold their legs horizontally unsupported by
any othermeanswhile sitting on a chair enabling knee ﬂexion of 90
and foot supported on the ground of the contra-lateral lower limb.
Evidence: Quadriceps muscle function which is tested by this
task, is signiﬁcantly impaired in knee OA16 contributing to func-
tional limitations. Furthermore improving quadriceps muscle
function after TKA correlates with improving function reﬂecting the
potential beneﬁts of the TKA procedure19,24.
(2) Timed single leg stance (balance and proprioception test): The
patient was instructed to stand unsupported only on the test limb
until failure. Failure was deﬁned as dropping the contra-lateral foot
to the ground or on using his/her hand to achieve support.
Evidence: Standing balance is affected with increasing postural
sway due to arthritis of the knee15,18. Single leg balance has
previously been shown to be a valid measure of neuromuscular
performance in patients with knee OA11.
(3) Timed 10 m walk: The patient was instructed to walk at a self
selected pace on a 10 m ﬂat surfaced walkway with the time taken
measured in seconds.
Evidence: Walking velocity is an important gait parameter
which is reduced in knee OA and is considered an important
determinant of function after knee arthroplasty17.
(4) Stride length, (5) Cadence and (6) Step length: aremeasured in
centimetres during the 10 m walking test as described by Cerny26.
Evidence: Previous laboratory gait analysis work has shown
these spatiotemporal parameters to be indicators of worsening
function in patients with knee OA10 and hence are relevant deter-
minants of function after knee arthroplasty.
(7) Timed 10 step stair climb: The patient was instructed to
ascend 10 steps of a staircase at a self selected pace (either with or
without support), with the time taken measured in seconds either
with or without support. The stair step had a height of 180 mm and
a stepping surface length of 220 mm.
Evidence: Stairs are frequently encountered in daily living and is
biomechanically more demanding then level walking. The timed
stair climb test has previously been used to monitor knee function
with good discriminative value20,25.
(8) TGUG: The patient was instructed to rise up from a chair,
walk 3 m, turn around, walk back and sit down again. The time
taken to complete the activity was measured in seconds.
Evidence: The performance test has previously been used reli-
ably as a quantiﬁable measure of function12,21.
(9) Single hop distance, (10) Triple hop distance and (11) timed 6 m
hop: The patient was instructed to hop on the test limb on the same
10 m walkway used for the Timed 10 m walk test which was also
marked at the 6 m interval. The patient was initially asked to
undertake a single hop with the distance being measured from the
starting point of the hop at the heel of the foot to the point of
landing of the heel of the foot in centimetres. The same was
repeated after three consecutive hops on the test limb. Finally the
patient was instructed to hop for a distance of 6 m with the time
taken measured in seconds.
Evidence: Hop tests are considered to be representative of
demands that are comparable to that of high level sports23. It has
previously been used as a reliable performancemeasure of the kneefollowing rehabilitative and surgical intervention for ACL
injuries13,22,23.
(12) Kneeling test: The patient is instructed to either kneel on
a chair with the knee at 90 of ﬂexion, or on the ﬂoor with the knee
at 90 of ﬂexion or on the ﬂoorwith the knee beyond 120 of ﬂexion
in a sitting position.
Evidence: Kneeling is generally perceived as a difﬁcult task by
patients after knee arthroplasty procedures but may be extremely
important for religious or occupational reasons. Increased range of
motion of the knee after arthroplasty is reﬂected in the patient’s
performance in this kneeling test14.
Appendix 2. User guide for clinicians and researchers
Equipment:
A hallway with access to a staircase
An armless chair of standard proportions allowing the
subject to sit with knees ﬂexed to 90 with both feet sup-
ported on the ground
Stopwatch
Tape measure
Masking tape
Water soluble felt tip pens
Preparation:
Designate a ‘test zone’withmasking tape consisting of a start
line at 0 m,2 mmark (warm up zone), 6 mmark, and ﬁnish
line at 10 m.
Attach marker pens to the back of the patient’s shoes with
masking tape such that the pen tips just reach the ﬂoor (as
described by Cerny26).
Conducting the test:
Patient instruction e Ask the patient to begin walking at their
usual walking speed from the 2 m mark to the 10 m ﬁnish
line. Begin timing when the patient’s lead foot crosses the
0 m line.
Data extraction e Determine the 10 m walk time in seconds
and the average stride length from three consecutive
measurements.
Patient instruction e Ask the patient to stand on the operated
leg with contra-lateral leg ﬂexed at the knee for as long as
possible. Failure is deﬁned as dropping the contra-lateral leg
or using his/her hand to achieve support.
Data extraction e Determine the timed single leg stance in
seconds.
Patient instruction e Ask the patient to turn around to face
the ‘test zone’ and perform a single hop with initial heel
position at the 10 m mark. Repeat this instruction for three
consecutive hops.
Data extraction e Determine the single and triple hop
distances by measuring the heel marks relative to the start-
ing point at the 10 m mark.
Patient instruction e Ask the patient to approach the chair
and to kneel either on the chair with knees ﬂexed to 90, on
the ﬂoor with knees ﬂexed to 90 or on the ﬂoor with knees
ﬂexed beyond 120 in a sitting position.
Data extraction e Determine the kneeling test score.
Patient instruction e Ask the patient to sit in the chair
ensuring 90 knee ﬂexion and upright posture with arms
crossed. Instruct the patient to extend the knee to horizontal
and hold for as long as possible.
Data extraction e determine the timed horizontal leg hold
in seconds.
Patient instruction e Ask the patient to ascend a ﬂight of 10
stairs at their usual pace with or without support.
Data extraction e Determine the timed 10 step stair climb.
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